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http://dxObjective: To review the early results of a less invasive, single-stage hybrid arch procedure involving replace-
ment of the ascending aorta, arch debranching, and zone 0 antegrade stent graft deployment.
Methods: Between May 2007 and January 2012, 20 patients with both acute and chronic aortic pathology were
managed at 2 institutions with a type 2 hybrid arch procedure. Indications included diffuse atherosclerotic aneu-
rysm, false lumen expansion of chronic aortic dissections, penetrating atherosclerotic ulcer, and acute type A
dissection. Mean age was 67 16.8 years with a mean European System for Cardiac Operative Risk Evaluation
II score of 29.5  19.4. Postoperative clinical and imaging follow-up was complete to a mean 18.5  15.3
months.
Results: Successful zone 0 stent graft deployment was achieved in all cases. There was 1 in-hospital mortality
(5%). A second death occurred at 40 days postoperation. Other complications included a permanent neurologic
deficit in 1 patient (5%), transient paraplegia in 4 patients (20%), and 3 patients had respiratory complications
(15%). There were no cases of renal failure requiring dialysis. Stent-related complications were identified in 4
patients (20%), including 3 type I endoleaks, none of which were at zone 0. There was 1 type II endoleak and a
case of stent infolding. Two patients required a second successful endografting procedure.
Conclusions: This single-stage hybrid arch procedure offers an alternative approach to complex diffuse aortic
pathology involving the arch. Replacement of the ascending aorta provides a safe location for zone 0 stent graft
deployment, eliminating complications of proximal deployment in a native diseased aorta. (J Thorac Cardiovasc
Surg 2014;148:2951-5)A
C
DWhen diseases of the thoracic aorta such as dissection, aneu-
rysm, penetrating atherosclerotic ulcer, and pseudoaneurysm
involve the arch, total arch replacement is often indicated. In
cases of diffuse disease, the conventional approach is a
2-stage elephant trunk procedure requiring a prolonged
period of deep hypothermic circulatory arrest for ascending
and total arch replacement followed by left thoracotomy for
repair of the diseased descending thoracic aorta. Even at cen-
ters with expertise in thoracic aortic surgery, this operation is
associated with a risk of mortality between 13% and 36% in
contemporary series.1 As an alternative, off-pump hybrid
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The Journal of Thoracic and Carrepair of the arch and descending thoracic aorta have been
proposed to eliminate both circulatory arrest and the
2-stage approach. These operations use a debranching graft
sewn to the native ascending aorta using a partial occlusion
clamp.2,3 Although this technique is effective when the
ascending aorta is normal, it can be associated with
complications when it is not. Type IA endoleak, rupture,
pseudoaneurysm formation, and retrograde type A
dissection can be the consequence of stent deployment in a
diseased, native aorta.4 Recently, for diffuse atherosclerotic
aneurysms involving the arch, we have used a single-stage
hybrid approach without circulatory arrest that involves
replacement of the ascending aorta, arch debranching, and
antegrade endovascular stent deployment.5 This strategy
has the advantage of being a single-stage procedure and
may reduce the incidence of perioperative neurologic events
by eliminating prolonged periods of circulatory arrest.
By eliminating deep hypothermia and risks of distal arch
replacement, the operation may be more reproducible and
result in lower operative mortality. In the longer term,
adequate landing zones are present for distal extension if
required. Replacement of the ascending aorta with a Dacron
graftmay theoretically result in a decreased incidence of stent
complications, particularly retrograde type A dissection.
Replacement of the ascending aorta with arch de-
branching and stent graft deployment not only has meritdiovascular Surgery c Volume 148, Number 6 2951
TABLE 1. Patient characteristics (N ¼ 20)
Variable Result
Mean age, y 67.05  16.86
Mean European System for Cardiac Operative Risk
Evaluation II score
29.47  19.44







Values are given as mean  standard deviation or n. *Includes chronic obstructive
pulmonary disease, asthma, and interstitial lung disease. yIncludes stroke, transient
ischemic attack, and internal carotid artery stenosis. zDefined as creatinine>2.0
mg/dL or dialysis.
TABLE 2. Operative indications (N ¼ 20)
Pathology n
Diffuse atherosclerotic aneurysm involving the arch 9
Penetrating atherosclerotic ulcer with contained rupture localized
to the arch
2
Arch pseudoaneurysm at proximal extent of existing stent graft 2
Acute type A aortic dissection with intimal tear involving the arch 4
Chronic type B dissection with associated aneurysm involving the
arch and descending thoracic aorta
3
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Dfor repair of chronic arch pathology, but also for acute dis-
eases. For management of intramural hematoma or type A
dissection, the standard contemporary operation involves
replacement of the ascending aorta with a beveled hemi-
arch procedure under a period of hypothermic circulatory
arrest usually along with various strategies of cerebral
perfusion. Recently, there has been an increasing aware-
ness of late postoperative mortality after acute type A
dissection repair due to aneurysm formation, distal
malperfusion, or rupture of the residual dissected arch
and descending thoracic aorta. To ameliorate this, several
groups have suggested total arch replacement with simul-
taneous stent grafting of the proximal descending thoracic
aorta.6,7 However, total arch replacement adds significant
risk to an operation that already has a 24% rate of
mortality.8 Recently, alternative hybrid approaches have
been proposed that involve graft replacement of the
ascending aorta with arch debranching to facilitate
thoracic endovascular repair of the arch and descending
thoracic aorta.9-12 This less-invasive technique for total
arch replacement, when required for acute type A dissec-
tion, may decrease bleeding associated with arch replace-
ment under deep hypothermia, decrease the risk of stroke
by eliminating the need for circulatory arrest, and treat
malperfusion by opening the true lumen distally. Over
the long-term, false lumen thrombosis may decrease the
incidence of aneurysm formation and rupture.
This series presents the early results of our hybrid arch
procedure. Early in this experience it was used for patients
with diffuse atherosclerotic aneurysms involving the arch
who presented prohibitive risk for conventional surgery.
More recently, indications for this operation were extended
to acute type A dissection with an indication for total arch
replacement. Our goal was to assess the outcome of this
operation when performed in both the emergency and elec-
tive settings.
METHODS
From May 2007 until January 2012, 20 patients underwent total arch
replacement with a single-stage hybrid arch technique involving replace-
ment of the ascending aorta, arch debranching, and antegrade delivery of
an endovascular stent graft. Procedures were performed at 2 centers: The
University of Calgary (11 patients) and the University of Pennsylvania (9
patients). Initial experience was in an elective setting for patients with an
indication for total arch replacement for diffuse aortomegaly but with pro-
hibitive risk for conventional total arch surgery. Comorbidities of cerebro-
vascular disease, history of cardiac surgery, pulmonary and renal
dysfunction, or advanced age meant these patients had unacceptable risk
for the conventional approach. Patient demographics and clinical risk fac-
tors for this group, managed in the elective setting, are shown in Table 1.
After April 2011 the indications for this hybrid arch technique were
expanded to include those with acute type A dissection. Four patients
were managed as emergency cases. Indication for hybrid arch surgery in
these patients was acute type A dissection with a primary intimal tear or
large reentry tear in the arch, a concomitant arch aneurysm, or peripheral
malperfusion. Indications for surgery in both the elective and emergency
setting are outlined in Table 2.2952 The Journal of Thoracic and Cardiovascular SurPreoperative evaluation was made by multislice computed tomography
scans to provide detailed analysis of the entire aortic anatomy to determine
size of stent graft; location of distal landing zone; and in the case of dissec-
tion, to determine location and extend of dissection flap and evaluate for
evidence of malperfusion. Imaging surveillance was performed with
computed tomography angiography done before discharge and then at 3,
6, and 12 months postoperatively, followed by yearly thereafter.
All patients provided consent preoperatively to the experimental nature
of the procedure. The institutional review board at both centers approved
postoperative data analysis.
Surgical Technique
After right axillary cannulation, median sternotomy is performed, and a
2-stage venous cannula is placed. The patient is heparinized and cardiopul-
monary bypass is initiated. The distal ascending aorta is crossclamped in
cases of chronic aortic pathology and also for acute type A dissection.
The ascending aorta is then resected to the level of the sinotubular junction.
In cases of aortic root pathology, resection may include the sinuses and a
valve-sparing or composite aortic root replacement may be performed.
The ascending aorta is replaced in an end-to-end fashion using a Bavaria
graft (Vascutek; Terumo Cardiovascular Systems, Ann Arbor, Mich); a
28-mm prefabricated Dacron tube graft with 4 side-limbs designed for
arch debranching (Figure 1). For procedures performed at the University
of Pennsylvania and the initial procedures performed at the University of
Calgary, a brief period of circulatory arrest with antegrade perfusion was
used to perform an open distal anastomosis. Circulatory arrest was not
used for the most recent 6 cases. For these, the distal anastomosis was per-
formed with the clamp on. Following completion of the distal anastomosis,
arch debranching is performed in a sequential fashion while the patient is
still on bypass with the crossclamp off. One limb of the graft is anasto-
mosed to the proximal left subclavian artery or alternatively to the left axil-
lary artery through a separate left infraclavicular incision. The second limbgery c December 2014
FIGURE 1. Ascending aorta replaced with 4-branch Bavaria graft.
FIGURE 3. Completed arch debranching with stent deployed at zone 0.
Kent et al Acquired Cardiovascular Diseaseis anastomosed to the left carotid artery and the third, larger diameter graft,
to the innominate artery. The patient is then weaned from cardiopulmonary
bypass but protamine is not administered. The fourth limb of the Bavaria
graft is used for antegrade stent graft delivery (Figure 2). A Gore TAG
thoracic endovascular stent graft (Gore TAG Thoracic Endoprosthesis;
W.L. Gore and Associates, Inc, Flagstaff, Ariz) is deployed in an antegrade
fashion from the ascending aorta to the proximal descending thoracic aorta.
The proximal landing zone in the Dacron Bavaria graft is identified on fluo-
roscopy by a radiolucent umbilical tape fixed to the tube graft immediately
distal to the ostium of main side branch (Figure 3). In addition to the hybrid
arch procedure, 1 patient had concomitant bypass grafting and 6 patients
had concomitant aortic valve repair or replacement. Following successful
technical deployment, heparin is reversed, hemostasis is ensured, and the
chest is closed.FIGURE 2. Antegrade delivery of endovascular stent graft.




Patients were followed clinically at an outpatient clinic.
Mean duration of follow-up was 563.14 days (range, 41-
1683 days) and was complete for all patients. In the entire
series there were 2 deaths. In both cases the operation was
performed for acute type A dissection. One was a reopera-
tive case that initially presented as an acute type A dissec-
tion and was managed in conventional fashion with
replacement of the ascending aorta. Shortly after surgery,
the patient was diagnosed with a large pseudoaneurysm
involving the arch. A hybrid arch repair was attempted
but the patient died intraoperatively. A second death
occurred at 40 days postoperatively and was related to a res-
piratory complication.
Successful stent graft deployment at zone 0, according to
the Ishimaru arch map, was achieved in all cases. Intraoper-
ative details are outlined in Table 3. In 14 of 20 patients, a
period of circulatory arrest was used. Later in the series, cir-
culatory arrest was not performed. Postoperatively, a tran-
sient neurologic deficit occurred in 1 patient (5%) and
there was 1 stroke (5%). This patient returned home with
a good functional recovery. Paraplegia complicated 4 cases
(20%), but this was transient lower extremity weakness
with complete recovery in all patients. Five patients
(20%) required reexploration for bleeding in the early post-
operative period. Four patients had a prolonged intubation
in the intensive care unit, whereas 3 (15%) developed post-




Cardiopulmonary bypass, min 252.40  58 177-366
Crossclamp time, min 95.80  60 0-213
Circulatory arrest,* min 26.70  27 0-78
Number of stents placed 2  0.92 1-4
*Circulatory arrest was required in 14 of 20 patients.
diovascular Surgery c Volume 148, Number 6 2953
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Dof contrast, no patients developed renal failure requiring
dialysis and no patients required tracheostomy.
Complications related to the endovascular stent graft
were identified during the first 30 postoperative days in 3
patients (14%). A type I endoleak was identified in all these
cases and in 1 patient a concomitant type II endoleak was
identified as well. Most cases were recognized intraopera-
tively and were repaired, whereas only 1 required reinter-
vention with placement of an additional stent through
peripheral access. In the 2 other cases, the leak was small
and remained stable on serial imaging studies. One patient
developed a late infolding at the proximal end of the stent
graft. This was successfully managed percutaneously by
placing a Palmaz stent to reexpand the stent graft. Imaging
follow-up was complete in 100% of cases with a mean
follow-up time of 17.5 months.
DISCUSSION
Conventional operative management of thoracic aortic
pathology involving the arch involves long periods of hy-
pothermic circulatory arrest, which presents high risk for
neurologic complications, even with the use of antegrade
cerebral perfusion. Recently, to decrease the operative risks
and morbidity associated with arch reconstruction, hybrid
procedures have been advocated.13,14 Most commonly,
these are performed off-pump with arch debranching
followed by retrograde endovascular stent graft de-
ployment in the ascending aorta to cover the arch and prox-
imal descending thoracic aorta.15-18 This offers a less
invasive approach and has demonstrated favorable early
results.2,19,20 However, these procedures require the
anastomosis of a debranching graft and the proximal
stent graft landing zone to be located in the diseased,
aneurysmal ascending aorta. The risks associated with
stent graft placement in the ascending aorta and arch are
not yet fully understood, but recent reviews have
suggested they are substantial. Type Ia endoleak may
occur with a frequency of 15% to 30%.4,20-22 The
devastating complication of acute retrograde type A
dissection may be as high as 6%4 and is associated with
a mortality rate of 42%, according to the European Regis-
try on Endovascular Aortic Repair Complications.23 It is
assumed that these reported complications have occurred
after proximal deployment in relatively normal aortic tis-
sue. Therefore, it is possible that proximal placement in a
diseased ascending aorta may result in an even higher
rate of these complications. The alternative approach
used in our series addresses this issue by replacing the
ascending aorta with a Dacron tube graft with 4 side
branches. This allows arch debranching and then antegrade
stent graft deployment at zone 0 in a robust Dacron tube. As
has been previously noted, flat, straight, long, and cylindri-
cal landing zones are ideally suited for stable deployment
of stent grafts.22 These conditions are met by deployment2954 The Journal of Thoracic and Cardiovascular Surin the Dacron Bavaria graft and thus the risks of endoleak
and retrograde type A dissection may be eliminated.
Addressing concomitant pathology in the arch and
ascending aorta is not only necessary for managing chronic
aortic disease, but also acute type A dissection. Recently
there has been significant attention paid to the fate of the
false lumen in type A dissection, including the acute conse-
quences of malperfusion and the late consequences of dila-
tion and rupture. As a result, some have suggested that the
entire arch should be replaced using an elephant trunk or
frozen elephant trunk technique to facilitate later endovas-
cular repair of the descending thoracic aorta if complica-
tions of the chronic dissection flap arise.24 Although
Dacron replacement of the entire arch provides a robust
repair, it comes at the expense of a more complex operation
with more risk, including an inability to reconstruct the
dissected arch tissue; stroke; and visceral ischemia from
prolonged circulatory arrest, bleeding from the distal anas-
tomosis, and coagulopathy associated with deep hypother-
mia. Hybrid arch techniques have also been advocated
for the management of acute type A dissection.6,7,25,26
Many of these approaches involve circulatory arrest and
intraoperative deployment of an endovascular stent graft
in the descending thoracic aorta similar to previously
described approaches by Marullo and colleagues10 and Di-
ethrich and colleagues.26 Our technique involving replace-
ment of the ascending aorta, arch debranching, and
antegrade endovascular stent graft deployment without cir-
culatory arrest has the potential to decrease bleeding asso-
ciated with arch reconstruction under deep hypothermia;
to decrease the risk of stroke by eliminating circulatory ar-
rest; to treat visceral malperfusion by opening up the true
lumen in the descending aorta; and, in the long-term, may
decrease complications by promoting thrombosis of the
false lumen.
Although our study is cohort study limited by its small
size and relatively short-term follow-up, it suggests that
the early results of a type II hybrid arch, single-stage oper-
ation are acceptable. It is an approach that can address both
acute and chronic diffuse thoracic aortic pathology
involving the arch and can be performed with an low rate
of perioperative morbidity and mortality and a rate of stent
complication and endovascular intervention that is compa-
rable with those in other large hybrid arch and open repair
series.1,19 Longer-term follow-up will determine if there
are significant negative long-term consequences to stent
graft placement in the more hostile environment of the
arch and ascending aorta with its angulated anatomy,
increased motion, and shear stress.
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